The paper presents robotic spot resistance welding technologies for DOCOL 1200M steel with a thickness of 1.8 mm. DOCOL 1200M steel with a martensitic structure is intended mainly for the production of car bumpers, side beams and other elements ensuring the safety of the user of motor vehicles. The test joints were made on a robotic station equipped with a KUKA KR180 robot and a welding from ARO. The obtained welded joints were subjected to macro and microscopic metallographic tests, hardness measurement and strength tests. It has been shown that for properly selected resistance spot welding, DOCOL 1200M steel joints with a satisfactory strength level can be obtained.
Introduction
The car industry is an important part of both the global and national economy. The increase in the revenue of this field directly affects the development of production technology, introducing innovations and investments in finding new materials from which individual car components are made. The current trend forces car manufacturers to reduce the weight of their cars. Responsibility for mass reduction lies mainly on the constructors of individual components and technologists responsible for the selection of materials. The cost of research related to materials and the requirement to reduce the weight of vehicles caused that manufacturers in the automotive sector are increasingly starting to reach for aluminum alloys, composites and steels with increased durability. The basic requirements set by the automotive sector towards the materials used are: the reduction of component weight while maintaining mechanical properties, the ability to absorb energy during collision, susceptibility to machining as well as good compliance for the creation of welded joints. In addition, it is important that the designed elements have a significant corrosion resistance and high fatigue strength. All technical aspects must go hand in hand with economics. For this reason, the most important thing is to find a balance between quality and the cost of manufacturing. In order to meet this demand of the automotive industry, Advanced High-Strength Steels (AHSS) were created. These materials proved to be successful in the production of vehicles due to three very important features: high tensile strength, up to 1700 MPa, yield strength, up to 1450 MPa and A80 elongation, up to 30%. It is also important that plastic processing and machining of these steels are relatively easy. The AHSS steels are often used in the automotive industry, because they give the possibility to reduce the thickness of car body plates and car body support elements, while increasing the mechanical properties in combination with conventional steels. An additional advantage of AHSS steel is the relatively low price, due to the small amount of alloy additives in steel [1÷14].
Own research
The aim of the research was to determine the structure and properties of the lap joints of sheets with a thickness of 1.8 mm made of high-strength low-alloy steel DOCOL 1200M, with a martensitic structure joined by a resistance spot welding technique. The actual chemical composition and properties of DOCOL 1200M steel are shown in Table I . [15] . The methods of joining sheets are presented in figures 1 and 2. The parameters of the welding process are presented in Table II . 
Analysis of the results
The macroscopic examinations showed the correctness of the parameters used. No incompatibility was observed in the area of the welded joint, and the weld nugget is characterized by its correct shape and dimensions (Fig. 3) .
Fig. 3. Weld macrostructure with microscopic photo points marked
Metallographic microscopic examinations (Fig. 4) showed that in the heat affected zone preheated below the Ac1 temperature, the degree of martensite tempering increased with respect to the structure of the native material. In the area of preheating up to the temperature in the Ac1÷Ac3 range in the context of highly-dissolved martensite, the occurrence of islands with a martensitic or bainitic-martensitic structure was found. With the approaching of the weld and the increase in the volumetric temperature, the proportion of islands increases up to the complete recrystallization of the structure (exceeding the temperature of Ac3). In further areas of the HAZ an increase in the thickness of martensite needles is observed, which is related to the grain growth of the former austenite as the temperature rises. The weld has a bainitic-martensitic structure with a clearly marked columnar primary structure oriented towards the outflow of heat. In places where there was a positive segregation of carbon and manganese, a less intensely digesting belt with martensitic-bainitic structure was visible in the axis of the sheet. The occurrence of change in the morphology of the structure in this area is related to the shifting of critical cooling curves towards higher times as the concentration of dissolved elements in the austenite increases.
Strength calculations for the native material: A sample of 1.8 mm in thickness and 40 mm in width was used for the tests -the surface of the samples was 72 mm 2 (Table III) . The joint meets the strength criteria
Vickers hardness measurements carried out confirmed the results of microscopic tests (Table IV) . The area of the weld nugget is characterized by hardness above 400 HV0.1, which corresponds to the martensitic structure. In the HAZ area, the martensitic structure of the native material is tempered (hardness at 400 HV0.1), as a result of which the hardness decreases to the level of 300 HV0.1. 
Conclusions
Conducted tests of the resistance spot welding process of DOCOL 1200M steel with a thickness of 1.8 mm, showed that it is possible to make welded joints that meet the functional requirements. Through appropriate selection of technological parameters, it is possible to obtain joints with the correct shape of the weld nugget and strength properties that meet the criteria in accordance with PN-EN ISO 14273:2016. The area of the weld nugget is characterized by a bainitic-martensitic structure with a clearly marked columnar primary structure oriented towards the outflow of heat. In HAZ, the native material was tempered, which resulted in the creation of a softened zone, with a hardness lower by approx. 100HV0.1 in relation to the native material.
